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Beedenue. Tlonmyuenue kauecTBeHHbIX TOHKHX MJICHOK MeTA@JJIOB BaXKHO JIA pa3BHTHA TEXHOJIOIMM HaHeCeHHA aHTH- 
(PPHKUMOHHBIX HW W3HOCOCTOMKUX MOKPBITHM Ha pexkyllwe MHCTPyMeHTHI WIM JeTaiM nap Tpenua. Ucnomb3yroT pa3- 
JIMYHbIe CHOCOOLI PU3H4ECKOTO OCAKACHHA IICHOK C IIPHMeCHeHHeM TeXHOJIOrHM KaTOAHOTO (HOHHOTO), MarHeTPpOHHO- 
TO HM HOHHO-JIy4eBoro pacribiieHHa c accucTupoBaHnem. [lem padoTsl — aHasu3, COmOcTaBsIeHHe MH OMpeyeeHue Le- 
JlecooOpa3HOCTH MeTOA0B (u3H4eCKOrO OCaxKeHHA TOHKHX WWICHOK MeTAJIIOB IIpH HaHeCeHHH aHTHPPUKUMOHHBIX UH 
VW3HOCOCTOMKUX NOKpbITHH Ha pexyllHe MHCTPyMeHTHI WIM JeTasM lap TpeHus. 

Mamepuaavi u memoooi. PaccMoTpeHbI TEXHOJOrHH KaTOAHOrO (HOHHOrO), MarHeTPOHHOrO HW HOHHO-Jy4eBOrO paciibl- 
menus. peactaBieHbt IpHHWnvasibHble CXeMBI, YCJIOBHA HU lapaMeTpbI paCCMaTpHBaeMBIX MPOLWeccos. 

Pesyaomamei uccaedoeanua. UepcnexTuBHad TeXHOIOrHA HaHeCeHHA TOHKHX IJICHOK, JIerHpoBaHuaA M yupouHeHuA 
MOBepXHOCTei MeTaWIM4YeCKUX WeTaei — MarHeTpoHHoe pacribwieHve. MarHeTpoubl HerpepbiIBHOrTO elcTBHA TIpH- 
MECHAIOT JIA HAHECCHMA NOKPbITHH COXKHOTO COCTaBa WIM MHOTOCOMHBIX NOKPbITHH Ha MWIOCcKHe NOAI02%xKU. MonHo- 
JIY4eBOe PacrIbIIeHHe PaCCMAaTPUBAIOT KaK MeJVICHHOe paciibVIeHHe MOBEPXHOCTH MHIWIeHH MOA AelicTBHem OomOapyH- 
POBKH TIOTOKOM MOHOB C BBICOKOM dHeEprveli MU OCaxyeHve Ha MOBepxXHOCTH nozNOKKH. IIpH noHHO HMMTaHTayHH 
IIPOHCXOAUT JlerHpOBaHHe MOBEPXHOCTH MeTAJUIOB ATOMaMH OTA4H, KOTOPbIe MOWy4aKOT BbICOKY!O 9HEPHtO OT YCKO- 
PCHHBIX HOHOB HM MepeMearoTca BrilyOb Ha HECKOJIbBKO HaHOMETPOB. ITO MO3BOIAeT HOMYYaTb CBEPXTOHKHE JIerupo- 
BaHHble cou. Hu3kaa TeMilepaTypa HOHHOM MMIVIaHTal|HH, BO3MOXKHOCTb OCTATOYHO TOYHOTO KOHTpPOsIA TTyYOMHI 
Mpodusa paciipexeneHuA IpHMecH Co3AalOT MpeAMOCbLIKH aBTOMAaTH3allHH TeXHOJOrMyecKoro Mpouecca. CreybI u3- 
HallMBaHHA CHJIbHee OKHCJICHbI Ip OMHUX WM Tex %Ke YCOBHAX H3HALWIMBAaHHA Ha HMIVIaHTHpOBaHHOH CTaJIM 10 cpaB- 
HeHMIO CO cTaJIbio 6e3 UMIIaHTauMu. HepaBHOBecHbI Mpolecc pH HOHHOM MMIWIaHTalHu BbIZbIBAaeT OOpas0BaHHe 
TaKUX CIIaBOB B MOBCPXHOCTHBIX CJIOAX, KOTOPbIe HEBOS3MOXKHO MOYYATh B OOBIMHBIX YCOBHAX H3-3a Dupdy3nu 
KOMIOHEHTOB HIM OrTpaHvyueHHoH pacTBopumoctu. MonHasd UMMaHTalMA MO3BOIACT MOUYIMTb B WOBEPXHOCTHOM CiI0e 
cIWlaBbl OlpeseseHHoro cocTaBa. CBOMCTBa MOBEPpXHOCTH MO2KHO OMTHMV3HpoBaTb Oe3 CBA3H C OOBEMHBIMH CBOI- 
cCTBaMu MaTepuasia. MMnsantTaljua BO3MO2%KHA IIpH HU3KHX TeMMepaTypax 6e3 3aMeTHOrO H3MCHeEHHA pa3MepoB H3Je- 
JIMA. 

O6cyacdenue u 3akmouenue. Y KaTOHOTO (MOHHOTO), MarHeTPOHHOTO HW HOHHO-JIyYeBOrO pacibUIeHHA eCTb oOmjHE 
JJOCTOHHCTBa: ONaroqapA OTHOCHTeIbHO HH3KOM TeMIepaType MosOKKa He MeperpeBaeTcA; BO3MOXKHO MOyYeHHe 
PaBHOMePHBIX TIOKPbITHH; TOUHO BOCIPOW3BOAMTCA XMMMYCCKHM COCTaB OCaxKTaeMbIX NOKpbITHH. OcTaIbHble JOCTO- 
WMHCTBa HM HeOCTaTKH pacCCMaTPpMBaeMbIX MCTOJOB MHAUBUAYasIbHbl. PesybTaTbl MOTYT ObITb HCHOJIb30BaHBI JIA CO- 
30aHHA TOHKUX IWICHOK IyTeM YepeOBaHHA MIPOWeCCOB MarHeTPOHHOTO, a 3ATCM HOHHO-JIyYeBOrO HalIbIIeHHA, YTO 
HMO3BONACT MOMYYaTb MWICHKH, paBHOMepHO MOAMPUUMpOBaHHEle 10 ryOuHe. ITO BaxKHO IPH MpOM3BOACTBe JeTasel 
Tap TpeHHA HW pexkyllero HHCTPyMeHTa JIA MOBbILNeCHHA HX Ka4ecTBa. 


Kuiroyveeole cnoéea: rienKka MeTaJiJIa, cbu3snyeckoe OcaxK]CHie, aHTUppuKIHOHHOe TIOKPBITHE, M3HOCOCTOMKoe TIOKPBI- 
THe, HOHHOE paciiblIeHHe, MArTHETPOHHOE paciiblIeHHe, HOHHO-JIYACBOe paciiblIeHHe. 
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Introduction. Obtaining high-quality thin metal films is important for advances in the technologies of applying antifric- 
tion and wear-resistant coatings on cutting tools or parts of friction couples. Various techniques of physical film deposi- 
tion are applied using technologies of cathode (ion), magnetron and ion beam assisted sputtering. The work objective is 
to analyze, compare and determine the feasibility of techniques for the physical deposition of thin metal films when 
applying antifriction and wear-resistant coatings on cutting tools or parts of friction couples. 

Materials and Methods. Technologies of cathode (ionic), magnetron and ion-beam sputtering are considered. Schematic 
diagrams, conditions and parameters of the considered processes are presented. 

Results. An advanced technology for the deposition of thin films, alloying and hardening of the surfaces of metal parts 
is magnetron sputtering. Continuous wave (cw) magnetrons are used to apply coatings of complex composition or mul- 
tilayer coatings on flat substrates. lon beam sputtering is considered a slow sputtering of the target surface by bom- 
bardment with a high-energy ion beam and deposition on the substrate surface. Under the ion implantation, the surface 
of metals is doped with recoil atoms, which receive high energy from accelerated ions and move a few nanometers 
deeper. This enables to obtain ultra-thin doped layers. Low temperature of ion implantation, the possibility of sufficient- 
ly accurate control of the depth and the impurity distribution profile, create the prerequisites for the process automation. 
Wear tracks are more acidified under the same wear conditions on implanted steel compared to non-implanted steel. 
The nonequilibrium process under ion implantation causes the formation of such alloys in the surface layers that cannot 
be obtained under normal conditions due to diffusion of components or limited solubility. Ion implantation makes it 
possible to obtain alloys of a certain composition in the surface layer. Surface properties can be optimized without ref- 
erence to the bulk properties of the material. Implantation is possible at low temperatures without a noticeable change in 
the size of the product. 

Discussion and Conclusion. Cathode (ion), magnetron and ion-beam sputtering have common advantages: due to the 
relatively low temperature, the substrate does not overheat; it is possible to obtain uniform coatings; the chemical com- 
position of the deposited coatings is accurately reproduced. The rest of the advantages and disadvantages of the consid- 
ered methods are individual. The results can be used to create thin films through alternating magnetron and then ion- 
beam deposition processes, which enables to obtain films uniformly modified in depth. This is important in the produc- 
tion of parts of friction couples and cutting tools to improve their quality. 


Keywords: metal film, physical deposition, anti-friction coating, wear-resistant coating, ion sputtering, magnetron sput- 
tering, ion-beam sputtering. 
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Bsegenne. [lomyaenve kauecTBCHHBIX TOHKMX IJICHOK MCTAJIIOB BaXKHO JIA pas3BHTHA TEXHOJOrMi HaHeCceHHA 
aHTM@PUKUMOHHBIX MW H3HOCOCTOMKHX MOKPbITHH Ha pexkyllWe HHCTPyMeHTHI WIM Weta nap Tpenusa [1-6]. 

TepMoBakyyMHBIM MeTO], KOTOPbIM IPHMeHAJICA paHee, He OOeCHedHBal BOCIIPOH3BOQMMOCTb CBOMCTB TJIe- 
HOK, OCOOeHHO IPH OcaxKAeHHH MaTepHaoB C10x%KHOrO cocTaBa. Ilepexoy, K HeIIpepbIBHBIM TeXHOJIOrHYeCKMM TIporec- 
CaM CIOCOOCTBOBAaI pa3BHTHIO HOHHO-IIIa3MeCHHBIX TPOWeCCOB OCaxKTeHHA TOHKUX WIeHOK. B HacTosee BpeMaA HC- 
TIOUb3YIOT Pa3IMYHble CHOCOOLI PU3HYeECKOTO OCAKACHHA IVICHOK C IPHMeHeHHeM TexHOJOrHi KaTOAHOrO (HOHHOTO) 
PaciiblieHHA, MarHeTPOHHOrO paciblIeHHA H HOHHO-JIyYeBOTO pPacrIblIeHHA C aCCHCTHpOBaHHeM. Tak CO3aIOTCA TOH- 
KWe IWICHKH, KOTOPbIe HEBO3MOXKHO NOMYYHTb ApyrMMu cnocoOamu (HalpuMep, IJIeHKM TyrOMIaBKHX WIM MHOTOKOM- 
MIOHCHTHBIX MaTepHaoB). Llemb paOoTsl — aHasIMu3 HM COMOCTaBsIeHHe leecooOpa3HOcTH MeTOA0B :u3H4eCKOrO OCa- 
2%KCHUA TOHKHX MWJICHOK MeTaJIIOB IpH HaHeCeHHM AaHTH@PHKUMOHHBIX HU M3HOCOCTOMKHX MOKPbITHM Ha pexkylve WH- 
CTPyMeHTBI WIM eTaIM Tap TpeHHA. 

IIpuMenHenve KaTOAHOrO (HOHHOTO), MarHeETPOHHOTO HM HOHHO-JIYYeBOTO PaCIbUICHHA MO3BOJLACT MOJIHOCTBIO 
ABTOMATH3HpOBaTb NOUy4eHHe MJICHOUHBIX MOKPbITHH B TEXHOJIOTM4ECKHX YCTAHOBKAX HEIpepbIBHOTO JelCTBHA. 

Martepnasbi u MeTogbt. [Ip kKaTOqHOM (HOHHOM) pacriblIeHHH HOHbI pa3spsKeHHOrO ra3a OoMOapyzMpyIoT u 
pa3pylmaroT MaTepuas kaToya [1]. Ero arombi ucnapsHOTCA HW KOHCHCHPYIOTCA Ha MOWIOKKe, 

T[pvuyunnasbHad cxema ripoljecca HaHeCeHHA TOHKHX IJICHOK KaTOJHBIM pacriblieHHeM TpHBeyeua Ha puc. |. 
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«Vneptupiii ra3 
+ PeakTHBHBIii a3 


Puc. |. Ipuayunuanbyad cxeMa Ipollecca HaHeCeHHA TOHKHX IJICHOK KaTOJHbIM paciiblieHvem: | — kamepa; 2 — kaToy; 
3 — 3a3eMJICHHBIM 9KpaH; 4 — 3acoHKa; 5 — nowoxKa; 6 — 3a3eMJICHHBIN ano; 7 — pe3HCTHBHBIM HarpeBaTesIb MOMIO%KKH 


IIpu TakoM pacrbisieHuu 3 KaMepbl, B KOTOPOHM YCTaHOBJICHBI AHO VW KaTOL, BbIKAYMBAIOT BO3LYX JO COCTOA- 
Hu BakyyMa c JaBsieHuem 10 “Ila. 3arem B KaMepy NogaloT MHepTHIii ra3 (HanpuMep, aproH) c JaBneHuem 1 
10 Ta) [1]. pu nogayue nocrosHHoH BEICOKOM pa3sHocTH NoTeHyManoB 1-5 KB Ha KaTO MW aHO] MexKTy HAMM BO3HUKa- 
eT TIICIOWMM pa3psq, B KOTOPOM OOpa3ylOTCA MOMOXKUTEIbHO 3apsMKEHHbIe HOHbI MHepTHOroO ra3a. Moubr ycKopsA1oTca 
3JIEKTPHYCCKHM TOJIeEM HU OOMOapAMpyIOT KaTOL, BbI3bIBAA HCIapeHMe HM pacriblieHHe aTOMOB MaTepHasia, OCearOluXx 
Ha MOJWIO%KKe B BUC TOHKON mrenHku [1, 3]. 

Hauambuble ipexcTaBleHHa O KaTOJHOM pacribiieHHu Oa3sHpoBasMcb Ha UpeoONaarollet pos XMMMYeCCKUX 
lipoweccos. Cuutasocb, YTO NepeHoc MaTepHasia KaTO a Ha MOKPbIBACMYIO TMOMJIORKKy COCTOHT: 
a) B OOpa30BaHHH Ha MOBeEpXHOCTH MOAM02XKKU HEMPOUHBIX COeAMHEHHM C MaTepHasIOM KaToJa, 
6) B McllapeHun CoeqHHeEHHM MaTepHaoB NOAIO%KKH U KaTosa, 
B) B YaCTHYHOM pacnaye 3TUX COeqMHeEHHI. 

Vineptuple ra3bl B HOHM3HpOBaHHOM COCTOAHHM (B OTIMYMe OT HOPMAIbHOrO COCTOAHHA) MOTYT IPOABIATS 
HEKOTOPYy!O XHMHYECKYIO AKTHBHOCTD. 

OyHako HeBO3MOxKHO OOBACHHTb XMMHMYCCKHMM IpoleccaMu BCe ClydaM TaKOrO paclibWieHHA, MOCKOJbKy 
MMeeT MECTO KaTOAHOe paciibiieHve cabo JeTy4Hx coequHeHHH (HampumMep, AL,O; ), KoTOpble IpakTHuecku He MO- 
ryT HCiapaATbcaA Ip TeMiepatTypax HarpeBa KaTosa. 

Ilostomy Obi MpeyoxKeH He XHMHMYECKHH, a PU3M4eCKHH MeXaHH3M KaTOAHOTO paciibleHua. CormacHo 3TO- 
My TIOAXOLy, YaCTHIbI MaTepvasia NOKUalOT MOBEPXHOCThb KaTOJ{a 43-34 TOFO, YTO ATOMBI MaTepHasa KaTOa MOyuaroT 
3HeEprvio HeMOcpeACTBeHHO OT OomOapAMpyIOWIHX aTOMOB HIM MOJIeKys. CylecTBy!oT Ba IIpesCTaBIeHHA O Tako 
Tlepeqaue 9HeprHun. 

1. Yoaper OomOapzMpyrouIMx ATOMOB IIPHBOAAT K CHJIbHOMY JIOKaJIbHOMY MOBBILeCHHIO TeMIlepaTypbl MUKpo- 
CKOMNMUYeECKHX YAACTKOB MIOBEPXHOCTH MaTepHasa KaTOMa, BCIEACTBHe Yero OH HCHapsAeTca. 

2. bomOapyzupyrowMi aToM MepefqaeT KMHeTMYeCKy!O JHeprvio aTOMy MOBepxHocTH KaToya. B pesybTaTe 
pa3pyllaroTca CBA3H ATOMa KaTOJa C COCeHHMH aTOMaMH, H OH BbUIeTAeT C MOBEPXHOCTH KaToa. 

Tako MexaHH3M JIyulle MpescTaBlaeT PU3HY4eCKOe paciibIeHHe, OCOOCHHO B COOTBeETCTBHH Cc padoTamH 110 
MOHHOH M HelTpasbHOH 9MUCCHH (T. €. IMACCHH HEHTPaIbHbIX ATOMOB) TBEPAIX Tes Ip OOMOapAMpOBKe HOHAMH. 

Pesy.1bTarbl uccseqoBaHna. IIpu paccMoTpeHun KaTOAHOrO paciiblIeHHA B IesIOM Cle yeT UMeTb B BHy Kak 
(bu3H4eCKHH, TaK H XMMHYECKHM MexXaHH3MBI. OHH 43 HAX MOXKeT peoOalaTb B 3ABHCHMOCTH OT pealIbHBIX YCIOBHU 
Tipowecca. 

Hyxe nlepeuncsieHbI JOCTOMHCTBAa MeTOJa KATOAHOTO paciibuieHHs. 

1. IIpoyecc npotekaeT pu OTHOCHTeIIBHO HU3KOM TeMiepatype, NOAIOKKa He TeperpeBaetcs. 

2. MoxHOo TostyaHTb paBHOMepHE!e M0 TOIMHHE NOKPbITHA. 

3. ToaHO BOCIpOM3BOAUTCA XHMHYECKHM COCTAB OCaKTACMBIX NOKPBITHH. 

4. IInomaaqM NOKpbITHH OBOJIBHO BeJIMKH, TaK KaK MaTepHasI HAHOCHTCA Ha NOAIO%KKy He H3 TOUCUHOTO HC- 
TOUHUKA. 

5. Tlomyyaemble MOKPbITHA MMCIOT BBICOKy!0 are3HIo K MaTepHally MOAMIOXKKU, ONarosapA BbICOKOM IHeEprHu 
KOHJCHCHPY!OLHXCA ATOMOB. 

6. YqaeTca JOCTHYb BEICOKOrO KOIPMULUMeHTAa HCMOIb30OBaHHA MaTepHasia HOKPBITHA. 
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TlepeauciuM HeqOcTaTKH MeTOJa KATOAHOTO pacribuieHHa. 

1. [Ineuku xapakTepH3yl0TCA BbICOKHM YPOBHEM MeXaHHYeCKHX HalipspKeHHH. 

2. CkopoctTsb ocaxyeHua — Hu3Kas (0,3—2 HM/c). 

3. Padouee JaBsleHve B KaMepe B paye ciryyaeB coctaBaeT 1-10 Ila, nosTOMy MIeHKH 3arpaA3HAIOTCA paoouuM 
ra3oM. 

TlepcnexkTHBHo TexHoOOrvel HAaHeCeHHA TOHKHX IJICHOK, JIeTMpOBaHHA HM yIpO“HeHHA MOBepxXHOCTeli MeTali- 
JIM4eCKHX JleTasieH ABJIACTCA MarHeTpOHHOe pacribiienue. Ero mpeumMyyectBa: 

— BbICOKad CKOPOCTb MOJYYCHHA IJICHOUHBIX MOKPBITHH; 

— HH3KHi ypOBeHb 3arps3HeHHA MOCTOPOHHUMH BKJIOUCHHAMH, B TOM YCJIe ra3aMy; 

— Hu3Kas TeMIlepaTypa HarpeBa MaTepHaia MO LIOKKH; 

— BO3MO2%KHOCTb pacriblIeHHA IEKTPONPOBOAAMIUX HU THSIEKTPHYeCKUX MaTepHasioB; 

— BO3MO2KHOCTb MOJIYYCHHA CBEPXTOHKHX IIeHOK (< 20 HM) c MaJIbIMH edeKTaMH; 

— Oe3bIHepHMOHHOCT TeEXHOJIOrHYeCKOrO Tporecca. 

MarnHeTpoHHoe paciibiyieHHe MCHONb3yeTCA DJIA HAaHECeHHA CBEPXTOHKHX IJICEHOK XPOMa, aJIKOMHHMA (UM ero 
CIWIaBOB) HW pa3IM4HbIX TYFOMIAaBKUX METAJIIOB. 

Cxema JBIDKeHHA HalbUIAeCMBbIX UACTHI B MArHETPOHHOM paciiblIMTesbHOW CucTeMe (B MarpaTpOHe) NoKa3aHa 
Ha puc. 2. 





Puc. 2. Cxema JBYKeHHA HalIblIAeMbIX YaCTHI B MArHeCTPOHHON pacriblIMTesIbHOH cucTeme: 1 — KaTo-MHuIeHb; 2 — NOCTOAHHBIM 
MarHnt; 3 — aHoy; 4 — MOTOK paciibuIseMbIx YacTHU; 5 — NoAIOKKa; 6 — NOAIOKKONepxKaTesb 


MaruHetpouHaa CHUCT€Ma MOHTHpyeTcaA B KaMepe BakyyMHOoli PaciibuIHTesIbHOH yCTaHOBKH, H3 KOTOpOH OTKa- 
YHBACTCA BOSTYX. B xauectBe padouero Ta3a HCIOJIb3yeCTCA aproOH HWJIM CMCCb HHCPTHBIX Ta3oB. Tozgep»xusaetca TlO- 
CTOAHHOC oodmsee HaBJICHHe C TOUHOCTbIO a 5%. BsrOupaa TlapWWasIbHoe WaBsICHHe KOMITOHCHTOB ra30Bol cMecH, 
MO?KHO B HWIMPpOKOM JiHalla30He MCHATh XapakKTeCpHCTHKH MOKPbITHA, B TOM YHCIIe SIICKTPHYeCCKHeE. 

Pa6douas cpela B KaMepe MCHACTCA HYTCM BapbupOBaHHA KOJIMYCCTBa KHCIOpOa, a30Ta, WHOKCHa yruiepoya, 
CepHUCTbIX Ta30BbIxX coeqHHeHHH. 3To MO3BOMeT CO3qaBaTb TOHKHe IWJICHKH OKCHJIOB, HATPHAOB, KapOuyos, 
CyIb@UTOB pa3HbIx MaTepHaJIOB, KOTOPbIle HeJIb3A, HAalIpPHMep, NOJYAINTb TEPMH4YCCKUM HCiiapeHHeM. 

CoctaB coeqHHeHHi B HJICHOUHBIX TOKPbITHAX, COWep%KalHxX OKCHABI, KapOubl, HUTpHAbI, HalpAMyto 
3aBHMCHT OT UHCTOTbI MaTepHasIOB HW Ta3oB. Tlostomy AIA paciiblIeHHA CieTyeT MCHOIb30BaTb XHMHY4CCKH UHCTHIC 
MaTepHaibl. Jia yiipaBJICHHA HapiuHaJIbHbIM aBJICHHeM CJieqyeT OCHaACTHTb BaKYYMHbIe YCTaHOBKH HaCcOCcaMH, 
KOTOpBIe o0eciieunBaloT TIOCTOAHHY!O CKOPOCTb OTKAdKH B TpeOyemMoM AMailla30He WaBIeHuit. 

B PpaciiIbLIMTCIBHbIX MarHeTpOHHbIX CHCTeCMax HCHOJIB3YFIOTCA HCTOUHHKH WOCTOAHHOTO TOKa. TlocrosHHoe 
SACKTPHYeCKOe WO Hay] MHMMICHBIO-KaTOOM cbopmupyert Teron pa3pad, CO3MaeT la3My VU BbI3bIBaecT Oombapau- 
poOBKy HOHAMH MHIIeHH (KaToya). 3amkHyToe MarHUuTHoe IroJie MarHeTpoHHot pacriblIMTesbHOK CHUCTCMbI KOHIUCHTpH- 
pyeT 1a3My y MOBepXHOCTH MUMICHH-KaTosa. 

Tlon evicTBueM OomOapAHpoBKu MOHAMH H3 MUMICHH-KaTOa SMUTUHPYIOT IJICKTPOHBbI, KOTOPBbIe coOuparotca u 
YHep2KHBaloTCA MarHAHTHbIM TIOJICM. OIEKTPOHBI COBepmarwoT CIOHKAOC WHKIINYeCKOe TBYWOKeCHHe Hall MOBCPXHOCTbIO 
MUIIeCHU-KaTosia. JIo TomaqaHuA Ha aHO], BICKTPOHbI CTAJIKUBaFOTCA C AaTOMaMH padouero Ta3a (aproHa) MW TpaTaT pu 
CTOJIKHOBCHHH 3HadHTCJIBHYW YWaCTb SHCPlHH Ha HOHM3AIHIO padouero Ta3a (aprona). 93To YBeJIMUHMBaeT KOJINYECTBO 
MOHOB Y TIOBCpXHOCTH MHINeCHH-KaTOa, YCHJINBaeT OomOapzuposKy, TIOBbIMaeT CKOPOCTb paCHbUICHHA MaTepHalia, 
OCMKICHHA HU oOpa30BaHHa TWJICHKH. 

B MarHeTPOHHBIX pacHbUIMNTeCJIBHbIX CHCTeMaXx JJICKTPH4eCKHe HW MarHUTHble NOJA WepeceKarwTcs, ITO CO3HaeT 
MarHHTHy?t0 JIOBYHIKy y pacribuiaemoi TIOBCPpXHOCTH MHINCHH WH YBCJIMNHBaACT CKOPOCThb pacHbuieHH4A. Maruutuas JI0- 
BYylIKa 3AXBaTbIBAaCT BbICOKOSHEpreTH4eCKHe BTOPHUYHBIe JJICKTPOHBI. Ouu He yuaacTBYtOT B OomOaprzupoBKe TLOAJIOKKH, 
MW 39TUM OOBACHAeCTCA Ce HEZSHAUHTEIBHbIM Harpes. 
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CkopoctTb OCaxKTCHHA MaTepHasia MOKPbITHA B TIpowecce MarHeTpOHHOLO paCHblICHHA 3aBHCHT OT WaBJICHHA 
padOouero Ta3a B KaMepe YCTaHOBKH, CHJIbI TOKa H MOMWHOCTH pa3pAta, YTO YCTAHABJIMBaeT CTporHve TpeOoBaHua K HC- 
TOUAHKAaM SHEprHn. Jina oOecneyeHHa CTaOWIbHOCTH lipowecca HeoOxoUMO TOAAeCp2KUBAThb TOK pa3spAya C TOUHOCTbIO 
+2%,. Ecnm Tipowecc cTaOusM3upyetca MOLUIHOCTbHO pa3pAta, OH AOJDKCH MOAAeCp2KUBaTbCA C TOUHOCTBIO + 20 Br B 








quama30He perymupoBanna 0-10 KBr. 

CpeqHaa CKOpocTb ocaxxkqeHHa MOIMOZeHa paBHa 12—37 HM/c pu CyeyIOIUx MapaMeTpax yCTaHOBKH: 

— MHIUeHb 43 KOOalIbTa B BUJe IOcKoro WucKa AHamMeTpomM 150 MM, 

— MCTOYHMK NMTaHHA MOWHOCTbIO 4 KBT, 

— MoJI02%xKa 43 MOMOeHa pacnouox*KeHa Ha paccTosHHH 60 MM OT HcTOUHHKa muTanns [7]. 

Temilepatypa HarpeBa TOJJI02%KKM B 3TOM Cily4¥ae MpHOMM3UTeIbHO paBHa TeMIIepaType TepMu4yecKoro UcrIa- 
pPeHHs B BaKyyMe JIerKOMIaBKHX MeTaJIOB, HO HAMHOTO HWKe, YEM TeMIepaTypa UcHapeHHA TyrOraBKUX MeTAaIIJIOB. 
STO NO3BOIIAeT HAHOCHTb TOHKHE IJICHKH Ha MaTepHalibl C HH3KOM TepMOCTOMKOCTBIO (HalIpHMep, IsIacTMaccbl). 

Cra0vJIbHOCTb OCaKIe¢HHA TWIeHKM Ha HOWIOKKY OOecHeunBaeTCA MpaBHIbHO BbIOpaHHbIMH MapaMeTpaMu 
MarHeTpOHHOH pacriblINTesIbHOM CHCTeMBI: 

— Halips>KeHve MMTAHUA IIEKTPOTOB, 

— TOK pa3paia, 

— IJIOTHOCTb TOKa Ha MHIIeHH, 

— yjleJIbHas MOMIHOCTB, 

— WHAYKUMA MarHuTHOrO MONA, 

— ]jaByieHve padouero ra3a B KaMepe. 

Pa3HOCTb MOTeHIMAaIOB MexKTyY KaTOJOM UM aHOyOM He IpeBpmuaetT 1000 B. Tok snexrpwueckoro pa3pasya 
yCTaHaBJIMBaeTCA OMBITHBIM IyTeM. I1n0THOCTb TOKa Ha MuIIeHH — oKosIo 200 MA/cM?, HO B IleHTpasIbHOM 30He pac- 
IIbIICHHA MOXKET OBIT OoNMbUIe. YTebHad MOU[HOCTb 31eKTpuyecKoro pa3pagqa — oT 40 yo 100 Br/cm?. Ona onpeze- 
JIACTCA TETWIONPOBOAHOCTbIO OCaxKaeMOro MaTepHasia HW yCIIOBHAMH OXJIaxKTeHHA. 

Bosbt-aMiepHasd XapakTepHcTHkKa 3JIEKTPHYeCKOLO pa3psAya MeXxKTy aHONOM UM KaTOJOM 3aBHCHT OT padouero 
WaBeHHA ra3a MW MHAYKUMM MarHuTHoro rosa. IIpu yMeHbIeHHM B KaMepe YCTaHOBKH JaBsIeHHA MH MHAYKUMH MarHut- 
HOYO IOJIA BOJIBT-AMIICPHBIe XaPaKTePHCTUKU pa3paya CMelar‘OTCA B OOACTb BbICOKUX padouHx HalilpsKeHHH. 

CkopocTb ocaxkJeHua MaTepnasia TWIeHKH MOUTH JIMHEMHO 3aBHCHT OT MOLIHOcTH pa3paqa. pu noBpmiennu 
MOIJHOCTH pa3psjja CKOPOCTb OCcaxKeHHA YBeIMYMBaeTCA. 

MomHoctp pa3paiyja JOcTuraeT MaKCHMyMa IIpH yBeJIM4eHHM MHAYKUMUM MarHuTHoro noua Wo 0,08—-0,1 Ta u 
HH3KOM padoyeM JaBieHuu ra3a (oT 1 yo 10 Ila). Ecnu pabouee qaBneHue ra3a BbICOKOe, MaKCHMAaJIbHad MOLIHOCTb 
pa3paqja ocTuraetca pu MHAYKUMM MarHuTHoro Tosa 0,04—0,06 Tx. 

HecmotTps Ha 9TH IIpevMylecTBa, a TakKxKe HEMOCpeACTBCHHOEe HalIblIeHHe JM3IEKTPHKOB BbICOKOUACTOTHBIM 
MarHeTPOHOM, cyleyeT OTMCTHTb, YTO ITOT CMOCOO OTIMYAeTCA HH3KOM CKOPOCTbIO OCaKJCHUA IJICHKH, TO eCTb 
HH3KOK IpOH3BOAMTeIBHOCTBIO. EcTb CIOXKHOCTH UM B COrIacOBaHHN HCTOUHMKA MMTaHHA MarHeTpOHHOM ycTaHOBKH C 
Harpy3kKoH pu paboTe Ha BbICOKMX YacToTax. Kpome Toro, HCTOUHHK MHTaHHaA JOIDKeH HMeTb CHCTeMy allieHHua 
IYTOBBIX pa3pATOB, KOTOPbIe ABJIAIOTCA MPHYNHOM HecTaOWIbHOCTH WapaMeTpOB MarHeTPOHHOM yCTaHOBKH. 

Ilo npHHuuiy paOoTbI MarHeTpOHHbIe BaKYyMHbIe YCTaHOBKH C MOHHO-Ila3MCHHbIMM MCTOUHMKaMU 
PaciibuieHHA euATCA Ha 1Ba BUA — MepHoOAMYeCKOrO U HelpepbIBHOrO AelcTBUA. 

B MarHeTpOHHEIX ycTaHOBKax MepHOWM4eCKOrO AelcTBHA PaCcIbIMTeIbHbIe CpeCTBa paciiolararoT 110 OCH 
IWIMHApHueckol KaMepbl HO0 M0 ee OOpa3yromet. B nepBom cily4ae UCHOMb3yIOT IMIMHIpM4eckue paciiblIMTesu, 
BO BTOpoM — muiaHapubte. [lonu0x%*xKM MepeMellaroTca Yepe3 OOACTb MWa3MBI. 

MarnHeTpouHbl TepHoauyeckoro AeiCTBHA MIPpHMeHAIOT WWId HaHeceHHA NOKpbITH Ha WuoeKTpuKu. B 39TOM 
ciydae [Jit CHWKCHUA TeEMMepaTypbl MOANOXKKH Cilepye4r: 

— yilyuillaTb TeMIOBOH KOHTAKT MOWIOKKH C CHCTeEMOM OxIAKTeCHHA; 

— W3r0TaBIMBaTbh eTasIM CHCTeMbI OXaKICHHA M3 MaTepHaJIOB C BBICOKOM TeIJIONPOBOHOCTHIO JIM00 
MOBbIIMATb TEMIOMPOBOAHOCTh ra30Bol MpocONKH MEX AY CHCTeMOH OXIA KTeCHHA MH IWIeHKON; 

— OxXJIaKLaTb Y3JIbl CHCTEMbI OXIAKTCHHA JO TeMiepatypbl 243—253 °K; 

— pacllIMpsTb 30HY HaHeCeHHA MOKPbITHA HU YBeIM4MBATb pa3sMep CHCTeMBI OXIAKTeHHA. 

Bpicokad CKOpOCTb BbIJeeHHA Ta30B MOJIOKKH, a TaKXKe BO3MO%KHOe B3aNMOeMCTBHe HOHH3MPOBaHHBIX 
Ta30B C OCaxKTalOlMMCA MaTepHasIOM OOyCIIOBJIMBAIOT IIPHMeHeHHe KOHACHCaMOHHbIX BAKYYMHBIX JIOBYLIeK. 

MarHeTpoHbI HelipepbIBHOrO JeHCTBHA IIPHMeHAIOT JJId HaHeCeHHA MOKpbITHH CIO%KHOTO cocTaBa WIM 
MHOTOCJIOMHBIX MOKPbITHH Ha WIocKHe MoAT0%KKH [8]. Kak mpaBysi0, ycTaHOBKH HelIpepbIBHOrO JeHCTBUA COCTOAT 13 
MOCJICHOBATeIbHOCTH TJIOCKHX IIPAMOYTOJIBHBIX KaMep, pa3J{evICHHbIX WWO3aMH HM 3aTBOpaMH. B  ycTaHoBKax 
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HeIIPepHIBHOTO elcTBHA IIpHMeHAeTCA HOO paciiblIeHHe CBEPXy BHH3, HOO BepTHKasIbHoe MepeMellleHve MOAIOKeK 
WM OOKOBOE pa3MellleHHe PaciIbIMTeIbHBIX YCTPOLCTB. 

IIpu paOote MarHeTpOHHOM paciibIIMTeIbHOM CHCTeMbI yiIpaBJIAIOT, KaK TIpaBusI0, OHHM TapaMeTpom. 
OctaiIbHble (PUKCUPYIOT Ha ONTHMAJIbHOM 3Ha4eHHH, peryIMpyA TONMIMHY WICHOK, H3MeCHAA BPCMA OCAXKICHHA U T. I. 

Hmxe mepeanciienbl JOCTOMHCTBa MarHeTPOHHOLO paciiblieHHaA. 

1. IIpouecc mpotekaeT pu OTHOCHTeIbHO HH3KO TeMIepatype, MOL0xKKa He MeperpeBaetca. 

2. MookHO TOJY4IHTb paBHOMEPHBle M0 TOIMMHe MOKPBITHA. 

3. TouHO BOCIIPOM3BOAHTCA XUMH4ECKHM COCTAB OCaxKTaeMBIX MOKpbITHH. 

4. IIpouecc mpotekaet ObicTpo. Bricokas cKopocTs paciibluieHHd MaTepHasioB IIpH HH3KHX padounx HalipsxKe- 
Husx (600-800 B) u HH3KOM JaBneHuH pabouero ra3a (5-10! — 10 Ia). 

Ha30BeM HeJOCcTaTKH MarHeTPOHHOTO paciribuieHHs. 

1. Bricokue TpeOoBaHHa K YMCTOTe MW CYXOCTH 3al[MTHOrO ra3a (aproHa). 

2. JIA 3alHTbI OT OKHCIICHHA HYKHbI WIIO3bI Wepey pasrpy30uHo KaMepoli. B kKamMepy cJleqyeT MovaBaTb 
3allMTHBI a3. 

3. BeposxTHocTs 1po60eB Mex ly aHOJOM H KaTOJIOM. 

4. Bricokve TpeOoBaHHaA K TOUHOCTH NO3HITMOHMPOBAaHHA MOMNOKeK OTHOCHTeIbHO UcHaputenen A14 OOecrie- 
YeHHA PaBHOMEPHOCTH IJICHOK MO TOJIMMMHe HU M0 CocTaBy. 

VonHo-s1ydeBoe paciibiieHe IpHMeHAeTCA [Id HAHCCCHHA TOHKMX IWICHOK B BaKyYyMe, a TakxKe JJId MOZM@U- 
KallHu VW JIeTMpOBaHHA MOBePXHOCTHBIX CIOCB MeTAaJIJIOB MMIIaHTallMel MOHOB H3 CellapHpOBaHHBIX IMy4KOB. 

Ha puc. 3 u300paxkeHa CXeMa YCTAHOBKH Jif HOHHO-JIYYeBOFO PaciiblIeHHA. 


1 2 


Puc. 3. Cxema ycTaHOBKH JI HOHHO-JIy4eBOrO paciibimenua: | — mMuweHb; 2 — HCTOYHHK HOHOB; 3 — mosIoxKKa 


VonHo-sy4eBoe paciiblieHve pacCMaTpHBalOT KaK MeJICHHOe pacriblieHHe MOBeEPXHOCTH MUIMeHH NO Jeli- 
CTBHeM OomOapAMpOBKH MOTOKOM HOHOB C BBICOKOM 9HeEprvel M OcaxKeHHe Ha MOBEPXHOCTH MOANOX*KKU. ITOT Mpo- 
lecc MMeeT PU3HYECKyIO, a He XHMHYeCKy!IO Mpuporzy. ATOMaM MIOBepXHOCTH OT Hayjaroljero HOHa HepeyaeTca UM- 
TIyJIbC: 

— HaripaBsIeHHbIM OT MOBeEpXHOCTH, 

— JOCTaTOUHO CHIIbHBIM, YTOObI ATOMBI MOKHMHYJIM MOBEPXHOCTB. 

IIpu HoHHOH MMIIAHTAalMu NpOUCXOmMT JerMupoBaHve NOBEPXHOCTH MeTaJIIOB ATOMaMH OTa4H, KOTOPpBIe T0- 
JIydarOT BbICOKY!O 9HEPIHiO0 OT YCKOPeCHHbIX HOHOB H TepeMeljaroTcs BryLyOb Ha HECKOJIBKO HAHOMETPOB. ITO MO3BOIA- 
eT NOjly4uaTb CBEPXTOHKHe JIerMpoBaHHble cov. Hu3kaad Teminepatypa HOHHOM MMIVIaHTallWu, BO3MO2%KHOCTb JOCTAaTOU- 
HO TOUHOLO KOHTPOIIA TILYOMHI HW UpodPusaA pacipeyeueHuA MPHMeCH CoO3AalOT MpeANOCLIKH aBTOMATH3alHH TeEXHOJIO- 
rHyecKOro Mporecca. 

Vonnasd UMIIaHTalHA TakKe UCHOUL3yeTCA WIA MOAMPUUMPOBAaHHA MOBEPXHOCTHBIX CBOMCTB MeTAJIIOB: T0- 
BBILMCHHA TBEPAOCTH, YBEIMYCHHA H3HOCOCTOHMKOCTH, KOPpO3HOHHONM MH payualMOHHOH CTOMKOCTH, NOBBILMeCHHA COMpo- 
THBJICHHA YCTaIOCTHOMY pa3pyleHHIO, CHHKeHUA KoapduyMeHTa TpeHHa. MoHHy10 HMMIaHTaHIo UCHOb3YIOT AIA 
HOYYeHHA AHTHPPUKUMOHHBIX H3HOCOCTOMKUHX MoOBepxHoctel. Jia WetTaneii MalIMH H3HOCOCTOMKOCTb MaTepualia, 
Kak 1paBHo, ABJIAeTCA OoJIee BAXKHOM XapaKTepHCTHKOM, 4eM ero TBEPAOCTh HIM KOIPPuUNeHT TpeHHaA [4-8]. 

OrmeuyeHo, 4TO, HallpHMep, OobuIad 03a HMIMIaHTHPOBaHHOrO a30Ta MOXKET CYIWeCTBeEHHO YMCHBIIMTb HH- 
TCHCHBHOCTb M3HalMBaHHs [9]. Kpome Toro, ycTaHoBJIeCHO, YTO HMIWIaHTalWA HOHOB HHEPTHBIX ra30B (HalpuMep, He- 
oHa, aproHa), CO3qalollad HallpsKeHHA CKATHA B MOBEPXHOCTHOM CJI0e, He IPHBOQUT K CHWKeHHIO MHTCHCHBHOCTU 
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17-2 
W3HallMBaHHa. OJHaKO MMIVIaHTAallua ATOMOB BHeApeHua (Gop, yriepoy MH a30T) Ip 4o3ax oOsyyeHHaA HOHaMH 10’ cm 


Oblia BECbMa 9PMeKTHBHOH, MpH4eM TaHHoe BIMAHME M0 TOMMIMHE H3HALIMBaeMOrO COA 3HAYHTEIIBHO MpeBOCXOAMIIO 
TIyOUHy BHeAPeCHHA UMIVIAaHTMpOBaHHbIX HOHOB. 

VimmaaHTupyeMble aTOMbl BHepeHHA Ip HOHHO-JIyYeBOM paciblIeHHH (HallpHMep, a30T, yruiepoy uM Oop) 
CerperMpyioT Jake Ip HOpMaJIbHOM Temiepatype. DTo OnoKUpyeT UX TJBMKeHHe B OCaxKAaeMOM MaTepHasle, yIpou- 
HAeT MOBEPXHOCTHBI COM HW NOBBIMAeT H3HOCOCTOHKOCTD. 

B mpouecce w3HaliuBaHua TIpH TpeHHu MpoTeKaloT Ba Mporecca, WelicTBue KOTOPbIX OOBACHAeT BIINAHHE 
MOHHOM MMIIaHTalMu Ha CON Sorbet rIyOMHbI, eM rTyOHHa NPOHHKHOBeHHA HOHOB. 

Ilepppri — 3apoxKqeHHe U pa3BHTMe HOBBIX JMCHOKaMi WO WevCTBHeM BbICOKHX JIOKaJIbHbIX Harpy30K Ha 
TlTHaX KOHTAKTAa MHKpOHepoOBHOcTe NoBepxHocTu. ox WelicTBveM NOs HalIps9KeHHM, BOSHUKAIOMerO BOKPYT CKOTI- 
JICHHA WUCHOKaWH, aTOMBI IpHMecu AupdpyHAUpylor BrsyOb pacTBopa. 

Bropoii — loKasIbHbI pa3sorpeB MOBepXHOCTH B TOUKAaX KOHTaKTa. HampuMmep, pH MCHbITaHHH MaTepHasoB 
Ha H3HOCOCTOMKOCTb TeMIlepaTypa Ha MUKpOHepoBHOcTax octTuraet 600—700 °C. BuxeHne npuMecei NpoucxogUT 
TOA WeicTBHeM OObIIMX TeMIepaTypHbIX rpaquenTos. Jubdpy3ua BAONb IMHUM WUcOKaM ABJIAeTCA HanOoJIee Be- 
POATHBIM MeXaHH3MOM TepeHoca. 

Kos@uunent TpeHua y ctamei TakoKe CHWKaeTCA MOA DelicTBHeM HOHHOM MMMIaHTalMu Onarolapa WByM 
apdextam. 

1. Moctuku cBapKH B KOHTaKTe JBYX MOBepXHOCTel CTaHOBATCA XPYIIKHMH BCJIeCTBHe 3aTOPMO2KeHHOTO 
MCIOKAWMOHHOTO JBIDKeHHA. 

2. OkucHasd WIeHKa ABIIAeTCA OONee CTOMKOM B ITHX YCIOBHAX, HU ee IPHCYTCTBHe CHMKAeT alre3Hto. 

AHasIv3 NOATBEPAMI, YTO Ce bl H3HALWMBaHHA CHJIbBHee OKUMCIICHbI IPH OAHUX UH TeX %Ke YCOBUAX H3HAIMBa- 
HUA Ha MMIVIaHTHpOBaHHON CTaJIM 10 CpaBHeHHI0 CO CTasIbIO Oe3 HMIWVIaHTalHH. 

IIpu paccMoTpeHuu KOMMO3HIMOHHOrO MaTepuasia (HalipHMep, KapOuya BobPpama Ha KOOaIbTOBOM CBA3Ke) 
BOSHHKaeT Ooyee co*wHad cuTyauua. [pu BbICOKHX TeMIepaTypax H3HOC COMpoBOxAaeTcA WupPpy3ueli, KoOabT BBI- 
HOCHTCA Ha HOBEPXHOCTh, a TaKHe BeLeCTBA, Kak 2KeJIe30 (M3 OOpabaTEIBaeMoro MeTasIa), WuddpyHAUpyioT B OObeM, 
BBI3bIBat BbIKpalMBaHue 3epeH KapOuya. [pu HHu3KHXx TeMMepaTypax Oosee BEpOATHEI aflre3Ha U HCTHpaHue KOOabTA, 
IIpH4eM Mpolecc MHTeHCHPUUMpPyeTcaA, CCIM CABHTOBbIe YCHIMA NOCTHTalOT BeIMYMH, AOCTATOUHBIX JIA BbITaBJIMBa- 
HHA KOOaIBTOBOM MATKOM CBA3KH MEK Ly 3epHaMH KapOuza. 

VimmaHTupopaHHble HOHbI a30Ta WIM yrulepofa MOryT CMelljaTbca K TMCIOKAUMAM B KOOaIbTe, KaK H B CIla- 
Bax 2%KesIe3a. KoOalbT B OTIMUHE OT *KeIIe3a He OOpa3yeT CTAOMIbHBIX HUTPHAOB WIM KapOuAOB, HOITOMY HMIVJIaHTHpo- 
BaHHBble ATOMBI OCTaHyTCA B TBEPAOM criaBe. C MOMOLI[bIO 9JIEKTPOHHOTO MHKpockona Opi OOHApy2KeHbI MapTeHCHT- 
Hble IpeBpaljeHHA B KOOaIbTOBOM CBA3Ke MMIWIAaHTHPOBaHHOTO TBeEpAOTO CiiaBa Ha OCHOBe KapOuJja BOb(~pama, 4YTO 
CBHeTeIbCTByYeT 00 HCKaxKeHHM KPHCTAJIIMYeCKOM PelieTKH HM BO3MO2%KHOM YIIPOUHeHHU TIpH pacTBOpeHHN a30Ta B 
TBeEPOM CIUIaBe. 

Kpome Toro, a30T MO2KeT CerperupoBaTb K MOBeEpXHOCTAM pa3jesla KapOUAHBIX 3epeH H KOOAIBTOBOM CBA3KH, 
yCHuIMBasdt XMMHYeCKHe CBA3H Ha ITHX MOBEPXHOCTAX HW YIPOUHAA KOMIO3HT. 

IIpu HoHHOM MMMIAaHTAalMH B BObPpaMOBBIX TBeEpAIX criaBax (KapOuyA BONb(~pama Ha KOOaIbTOBOM CBA3Ke) 
IIPOMCXOAHT MUrpalldA UMIIaHTHpOBaHHOTO a30Ta WIM yruiepoya 10 y3laM BHepeHua KOOaIbTOBON cBa3KH. Ee ycKo- 
paIoT OombWIHe TepMHYecKHe TpayMeHTbI WO MHKpOHepoBHOCTAMH ToBepxHoctel. Ilo stoi npH4nHe, ecm ycOBHA 
W3HalMBaHHA OTHOCHTeIbHO MATKHe HM OXxIaxKeCHHe MHTCHCMBHOC, UMIVIAHTHPOBaHHble ATOMBI MaJIONOJBIOKHbI VM 
TIpOWecc TOJOKeH IIpOTeKaTb MeHee HHTCHCHBHO. 

IlepeuucamM JOcTOMHCTBa HOHHOM MMIMIaHTalHu. 

1. IIpoyecc npotekaeT pu OTHOCHTeIbHO HU3KOM TemMepatype, NOIOKKa He TeperpeBaetcs. 

2. MoxKHO lOJIYIHTb paBHOMePpHBIe MO TOJMMMHe MOKpbITHA. 

3. TouHO BOCIpOM3BOAUTCA XHMHUCCKHM COCTAB OCaK]AeCMBIX NOKPbITHH. 

4. IIporecc npotexaer Onictpo. 

5. IIpomecc pekoMenHflyeTca MCHOb30BaTb JIA JIerHpOBaHHA MIpHMeCAMH C HH3KHMHM paCTBOPHMOCTAMH B 
TBepAOM (pa3e WIM C HU3KHMH KOIPPuynentamn Auddpy3uu. 

HepaBHosecublit Ipolecc IpH MOHHOM UMIWIaHTaWMN BbIsbIBAaeT OOpa3s0BaHHe TaKHX CIIIaBOB B IOBepXHOCT- 
HBIX CJIOAX, KOTOPbIC HEBOSMOXKHO MOMYYIHTb B OOBIYHBIX YCIOBHAX 13-3a ZUpdpy3Hu KOMMOHEHTOB HIM OrpaHHyeHHon 
pacTBopuMmocTn. 

Vonnasd UMMmaHTalia MO3BOIAeT NOUYYMTb B MOBEPXHOCTHOM CJ10e CIIaBbl ONIpeeNeHHOTO cocTaBa. CBoii- 
CTBa MIOBEPXHOCTH MO%KHO ONTHMH3HpOBaTb 6e3 CBA3H C OOBEMHBIMH CBOCTBAMM MaTepvaia. UMnianTaljua BO3MO%K- 
Ha lIpH HH3KHX TeMiepaTypax 6e3 3aMeTHOTO H3MCHeEHHA pa3MepoB H3esMA. 
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Heo6OxoaMMo OTMeTHTS HeAOCTaTKH MOHHOM MMIMWIaHTalHH. 

1. Umnoantayua aBiaeTca mpoweccomM oOpaboTKH MOBepXHOCTH TOJIbKO B 30HE MIpAMoro JelCTBHA Wy4Ka 
MOHOB H3-3a pac(POKyCHpOBKH Jlyya Mp OoUIMX OTKIOHeEHHAX. [loyTOMy Cc ee MOMOLIbIO HEBO3MOXKHO OOpabaTBIBaTb 
TOJIOXKKU CO COX*KHON TeOMeTpHel NOBeEpXHOCTH. 

2. Manas riyOuHa NpOHHKHOBeHHA MydkKa HOHOB He NO3BOJIAeT HAHOCHTb MOKPbITHA TOCTATOUHOM TOJLMIMHBI 
(>1 MkM) Ha JleTaIM Nap TpeHHuaA HW pexylui MHCTpyMeHT. 

3. Ucnonp3yetca JOBOIbHO Cj1O%KHOe OOOpyAOBaHHe. 

OGcyxjeHHe Hu 3akKIOUeHHe. CpaBHHTeJIbHbIM aHaIM3 MCTOJOB PU3HYeECKOTO OCAKACHHA IJICHOK HOKa3aJI UX 
IIpeHMylecTBa H HEAOCTATKH. 

Y kaToqQHOro (HOHHOrO), MarHeTPOHHOTO HM HOHHO-JIYYeBOTO paciiblIeHHA CCTb OOWIMe JOCTOHHCTBA. 

1. [Iporeccsi mpotTeKatoT Ip OTHOCHTeIbHO HU3KO TeMMepatype, MOWI0%*KKa He MeperpeBaerTcs. 

2. Bo3Mo2xKHO Tlouly4eHHe paBHOMePpHEIX M0 TOJIMIMHe MOKpBITHH. 

3. TouHO BOCIPpOu3BOAUTCA XHMHYCCKHH COCTAB OCAKTACMBIX MOKPBITHH. 

OctTambHble JOCTOMHCTBA HM HeJOCTaTKH pacCCMaTPpHBaeMBIX MeTOOB HHAMBUYasIbHBl. 

IIpouecc kaToqHoro (HOHHOrO) pacribiIeHHA MO3BOAeCT HAHOCHTb MICHKM Ha JOCTaTOYHO OobUIMe WIOWaqu 
C BbICOKUM KO3PHUMEHTOM MCHOb3OBaHHA PaciibIIAeCMOrO MaTepHasia, HO HMeeT CaMYIO HH3KY!O CKOPOCTb OcarKJe- 
Hua (0,3—2 uM/c). [nenkn oOs1ayaroT BbICOKOM ayre3sveli K MOIOKKe, HO XapaKTepH3YIOTCA BbICOKHM YPOBHeM Mexa- 
HMYeCKUX HalipsKeHHH. Kpome Toro, WIeHKH 3arpa3HAIOTCA padounM 1ra30M, Tak Kak paOouee WaBIeHHe B KaMepe MO- 
%*eT coctaBatTb 1-10 Ila. Tem He MeHee KaTOQHOe (HOHHOE) pacribiIeHHe MO3BOJACT HCHOMb3OBATb B KAYeCTBE MHILIe- 
HM TYTOMMAaBKHe MaTepHasIbI H CHHTE3HPOBATb MHOTOKOMMOHEHTHBIe COC HHCHHA. 

YHMBepCaIbHOCTh —- OCHOBHO€ JOCTOHHCTBO MarHeTPOHHBIX PacIIbUIMTeIbHBIX CHCTeM. B HHX MO2%KHO HC- 
TIOIb30BaTb PaciiblieHHe C IIPHMeHeEHHeM TOCTOAHHOTO TOKAa, BbICOKOYACTOTHOE paciiblieHve HW peaKTHBHOe MOHHO- 
TIa3MeCHHOe TJIeEHOUHOe OCaXKTeHHe. 

IIpeumytjecTBa MarHeTPOHHBIX PacribUIMTeIbHBIX CHCTEM: 

— BbICOKad CKOPOCTb OCaxKCHHA IJICHOUHBIX HOKPbITHM (HECKOJIEKO MKM/MHH) H BO3MO2KHOCTh €e peryJIMpo- 
BaHHA B JOCTATOUHO WHPOKOM AMana30He; 

— BbICOKad XMMMYECKAA YACTOTA IJICHOUHBIX MOKPbITHH; 

— HH3KO0e TeIIOBOe BIMAHHE Ha MOAIOKKY UW OCaxKTAaeMOe IIeEHOUHOe NOKPLITHE; 

— BO3MO%KHOCTb HaHeCeHHA Ha HEMOJBYOKHbIC MOMIO%KKH PaBHOMEPHBIX M0 TOJILIMHE TWICHOK. 

Vonnoe HalibuieHve UMeeT Cileq youve TIpeHMyllecTBa 110 CpaBHeHHIO C MarHETPOHHBIM: 

— Hu3Koe pa6ouee JaBsenue raza (10° — 107 IIa); 

— IeJIOCTHOCTh XHMHYECKOTO COCTaBa MaTepHasia MUIIeHH (KaToOqa); 

— ynpaByleHve 9Heprveti HOHOB, OomOapAMpy!OWIMx MHLUIeHb; 

— yBeJIMYeHHE CKOPOCTH paciiblIeHHA MHIWeHH HOHHOM OomOapAupoOBKO MO] yrIOM K ee HOBeEpXHOCTH (He- 
BO3MO2KHO IIpH MarHeTPOHHOM paciiblJieHHH). 

Jia ocaxkeHHaA TOHKMX WICHOK QHOIeKTpH4eCKUX HW KOMIMO3HIMOHHBIX MaTepHasIOB IPH HOHHO-JIy4YeBOM 
pacibuieHHuu WpelaratoTcad HCTOUHUKM HOHOB C XOJIOMHbIM KaTOJOM, KOTOPbIe CO3JalOT HallpaBJIeHHble paWasibHO 
CXOJAMIMeCA WIM payuasibHo pacxosalMeca HOHHbIe Wy4KuH [3, 8]. 

VcTouxuky HOHOB Ip HOHHO-JIy4eBOM paclibLICHHH C XOJIOAHbIM KATOJIOM MMEIOT CiIeyIOuHe JOCTOMHCTBA: 

— cmoco6cTsyroT dbopMupoBaHHIO HOHHBIX MHy4KOB KaK MHEPTHBbIX, TaK HM XMMMYCCKH aKTMBHBIX Ta30B 
(Haupumep, O,); 

— MMEIOT JVJINTeIbHBIM pecypc XONOMHOrO kaTONa; 

— oGecnedHBaloT OJHOPOAHOCTh XHMMYECKOFO COCTaBa IIJICHOUHBIX MOKPBITHH C OONbIIMMH MIOWayAMU Ha 
HeETOABWOKHBIX MO WIOKKAX; 

— TO3BOJIAIOT ABTOMATH3HPOBATh MIpOWecc OCaKTeHHA MCHOK JMIIEKTPH4eCKHX HW KOMMO3HIMOHHBIX MaTe- 
puasoB C 3aaHHbIMH CBOMCTBaMH. 

J\na HosyaeHHaA TOHKUX TWIeHOK 9¢pPeKTHBHO MIpHMeHeHHe MeCTOAMKH YepeAOBaHHA MIPOeccoB MarHeTpOHHO- 
TO, a 3aT€M HOHHO-JlyyeBOrO HalbWieHHa. Tak Moy4alOTCA MICHOUHbIe MOKPbITHA, paBHOMepHO MOAMPHUMpOBaHHbIe 
tio ruryOnue [10]. Dro BaxkHO Ip UpoOM3sBOACTBe eTaei nap Tpenusa [5—7] u pexylwjero HHCTpyMeHTa JVIA MOBbILICHHA 
ux Kayectsa [11]. 
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